Distortion product otoacoustic emission ͑DPOAE͒ input/output functions were measured at nine f 2 frequencies ranging from 500 to 8000 Hz in 210 normal-hearing and hearing-impaired subjects. In a companion paper ͓Stover et al., J. Acoust. Soc. Am. 100, 956-967 ͑1996͔͒, L 1 ϪL 2 was held constant at 10 dB, and L 2 was varied from 65 to 10 dB SPL in 5-dB steps. Based upon analyses using clinical decision theory, it was demonstrated that DPOAE amplitudes for 65/55 dB SPL primaries (L 1 /L 2 ) and DPOAE thresholds resulted in the greatest separation between normal and impaired ears. In this paper, the data for these two conditions were recast as cumulative distributions, which not only describe the extent of overlap between normal and impaired distributions, but also provide the measured value ͑i.e., the specific DPOAE amplitude or threshold͒ for any combination of hit and false alarm rates. From these distributions, confidence limits were constructed for both DPOAE amplitude and threshold to determine the degree of certainty with which any measured response could be assigned to either the normal or impaired population. For these analyses, DPOAE measurements were divided into three categories ͑a͒ response properties that would be unlikely to come from normal ears, ͑b͒ response properties that would be unlikely to come from impaired ears, and ͑c͒ response properties for which hearing status was uncertain. Based upon DPOAE amplitude measurements, the region of uncertainty, defined between the 95 percentile for impaired ears and the 5 percentile for normal ears, was relatively narrow for f 2 frequencies ranging from 707 to 4000 Hz. For DPOAE thresholds, this region was relatively narrow for f 2 frequencies ranging from 1414 to 4000 Hz.
INTRODUCTION
Distortion product otoacoustic emissions ͑DPOAEs͒ are produced by the normal cochlea when two sinusoids, slightly different in frequency, are simultaneously presented to the ear ͑e.g., Lonsbury- Martin and Martin, 1990; Lonsbury-Martin et al., 1991͒. In humans, robust responses are observed when the ratio of these primary frequencies ( f 2 / f 1 ) is set to 1.2 ͑e.g., Gaskill and Brown, 1990͒ , and the largest component in the response occurs at a frequency equivalent to 2 f 1 Ϫ f 2 ͑the cubic distortion product͒. These byproducts of normal nonlinear cochlear function are reduced or absent in ears with hearing loss compared to ears with normal hearing ͑e.g., Kimberley and Nelson, 1989; Martin et al., 1990; Gorga et al., 1993a, b͒. Test performance is imperfect, however, in that some ears with mild hearing loss produce DPOAEs, and DPOAEs are sometimes absent in ears with normal hearing. Indeed, animals with significant amounts of hearing loss have been shown to produce DPOAEs ͑Norton and Rubel, 1990; Whitehead et al., 1992͒ . Similarly, transient evoked OAEs have been measured in a human ear with severe hearing loss ͑Prieve et al., 1991͒. In both lower animal and human studies, responses were measured only for high levels of stimulation, suggesting that the extent to which OAE measurements separate normal from impaired ears may depend on the level of the stimulus used to elicit the response.
While the earliest descriptions of the clinical utility of OAE measurements relied heavily on case studies or small subject samples, data from larger samples of both normalhearing and hearing-impaired subjects are now accumulating, and these data are being subjected to more quantitative analyses. For example, a number of studies have used clinical decision theory ͑Swets and Pickett, 1982; Swets, 1988͒ to determine how well normal and impaired ears can be separated based on OAE data obtained with commonly used stimulus conditions ͑Gorga et al., 1993a, b; Prieve et al., 1993; Hurley and Musiek, 1994; Kim et al., 1996͒ . Those efforts demonstrated large frequency effects, such that test performance was much better in mid and high frequencies, compared to frequencies below 1000 Hz. The audiometric criteria used to define normal and impaired groups also showed a small but significant effect.
More recent efforts have been directed toward determining those stimulus conditions that identify normal and impaired ears most accurately ͑Kimberley et al., 1994; Whitehead et al., 1995͒. Our own efforts in this area, described in a companion paper, were directed toward determining those primary level conditions resulting in DPOAEs that provide the greatest separation between normal and impaired ears ͑Stover et al., 1996͒. Based on clinical decision theory, relative operating characteristic ͑ROC͒ curves were constructed and overall test performance was estimated by calculating the area under these curves ͑P a or A z ͒. These analyses revealed that DPOAE amplitude measurements to moderate intensity primaries ͑L 1 /L 2 ϭ65/55 dB SPL͒ and DPOAE thresholds resulted in the most accurate categorization of ears with normal hearing and ears with hearing loss. The possible exception to this rule occurred for an f 2 frequency of 500 Hz, where test performance was poor for most conditions. Thus we now know that DPOAE measurements perform best for moderate level stimulation across a wide range of primary frequencies.
ROC curves provide complete descriptions of test performance for all combinations of hit and false alarm rates, while P a can be used as a single estimate of performance. These analysis techniques have the advantage of providing estimates of performance independent of the specific details of the measurement. This feature has proven particularly useful when comparing test performance for transient-evoked OAEs and DPOAEs ͑Gorga et al., 1993b͒ and for evaluating the effects of frequency ͑Gorga et al., 1993a; Prieve et al., 1993; Hurley and Musiek, 1994͒ and level ͑Stover et al., 1996͒ on the ability of OAE measurements to separate normal and impaired ears.
This approach, however, does not provide information about the actual measured value ͑i.e., criterion DPOAE amplitude, DPOAE/noise, or DPOAE threshold͒ associated with different levels of test performance, which is important information for implementing these measurements clinically. An approach is needed in which performance is described for all criterion values of the measurement. To meet this goal, we previously used cumulative distributions as a function of criterion values ͑i.e., OAE amplitude, OAE/noise, cross cor-relation͒ in order to select the criterion value resulting in any combination of hit and false alarm rates ͑Gorga et al., 1993a; Prieve et al., 1993͒. Although confidence limits could be established based on these earlier studies, the measurements were restricted to one suprathreshold stimulus condition. In addition, DPOAE data were collected without the benefit of an artifact rejection algorithm and with fixed averaging times of 4 s, regardless of the levels of background noise. As a consequence, they may not represent test performance and criterion values for the stimulus and recording conditions in which these measurements provide the greatest separation between normal and impaired ears. This paper uses the data from optimal DPOAE conditions, described in an accompanying paper ͑Stover et al., 1996͒, to construct cumulative distributions in order to define error rates for specific DPOAE amplitudes and DPOAE thresholds. Furthermore, an approach is proposed for representing these data in such a way that allows one to assign a degree of certainty as to whether specific DPOAE measurements are coming from an ear with normal hearing versus an ear with hearing loss. Even though DPOAE thresholds may have less clinical utility than suprathreshold measurements ͑e.g., Nelson and Kimberley, 1992; Stover et al., 1996͒, those data are included here as well in the interest of provid-ing a more complete description of the clinical utility of DPOAE measurements.
I. METHODS
A more detailed description of data collection methods is provided in the accompanying paper ͑Stover et al., 1996͒ and will be reviewed only briefly here. DPOAE input/output functions were measured in 210 normal-hearing and hearingimpaired subjects. Normal hearing was defined as audiometric thresholds less than or equal to 20 dB HL ͑ANSI, 1989͒ for octave and half-octave frequencies from 500 to 8000 Hz. All subjects had normal middle ear function at the time of these measurements. Measurements were made with a custom-designed system ͑Neely and Liu, 1993͒ in which response and noise were measured at the same frequency (2 f 1 Ϫ f 2 ) and in which a stopping rule was used which terminated a run if the noise floor was reduced to Ϫ20 dB SPL or if artifact-free sampling time exceeded 64 s. The selection of the noise floor criterion was based on previous estimates of system distortion ͑Gorga et al., 1994͒. Stimulus generation and response measurements were accomplished with a digital signal processing board ͑Ariel, DSP-16ϩ͒ and probe microphone measurement system ͑Etymotic, ER-10B͒, which include both stimulus transducers ͑ER-2͒ and measurement microphone. The ratio of primary frequencies ( f 2 / f 1 ) was held constant at 1.2, the difference in primary level (L 1 ϪL 2 ) was held constant at 10 dB, and primary levels were varied in 5-dB steps from 75/65 dB SPL to 20/10 dB SPL.
II. RESULTS AND DISCUSSION

A. Choosing optimal primary levels
In the preceding paper, we demonstrated that DPOAE amplitude measurements in response to primary levels of 65/55 dB SPL resulted in the greatest separation between normal and impaired ears based on ROC analyses. Performance dropped off rapidly as level decreased and rolled over slightly for higher levels. DPOAE thresholds resulted in about the same separation between normal and impaired ears as did DPOAE amplitude measurements for the optimal suprathreshold condition, at least as reflected by estimates of area under an ROC curve. As previously reported ͑Gorga et al., 1993a͒, test performance was poor for an f 2 frequency of 500 Hz. It would appear, however, that increasing sampling time and using an artifact-rejection algorithm can extend the range of frequencies for which reliable information is obtained down to 707 Hz. In summary, these data suggest that test performance, defined as the extent to which normal and impaired ears are accurately identified, is best for DPOAE threshold measurements and DPOAE amplitude measurements in response to primaries at 65/55 dB SPL. The data obtained from those two measurements, therefore, were used to generate cumulative distributions and to develop confidence limits that are the focus of the remainder of this paper. Figure 1 shows cumulative distributions of DPOAE amplitude from subjects with normal hearing ͑solid lines͒ and subjects with hearing loss ͑dashed lines͒. Also shown are distributions of noise amplitudes for normal ͑light dotted lines͒ and impaired ͑heavy dotted lines͒ ears. Each panel provides information for a different f 2 frequency. There are a number of noteworthy aspects to these data. First, noise lev-els were identical for subjects with normal hearing and subjects with hearing loss. This is expected because noise level depends on subject state, not on cochlear status. With few exceptions ͑restricted to low f 2 frequencies͒, noise levels were below Ϫ20 dB SPL for the majority of subjects in all stimulus conditions. This result is a direct consequence of the automatic stopping rule used during data collection, in which a measurement was terminated if the noise level was FIG. 1. Cumulative percent as a function of DPOAE amplitude for normal-hearing ͑solid lines͒ and hearing-impaired ͑dashed lines͒ ears. Primary levels (L 1 /L 2 ) of 65/55 dB SPL were used to obtain these data. Noise amplitudes are shown as light and heavy dotted lines for normal and impaired ears, respectively. Data for a different f 2 frequency is shown in each panel.
B. Cumulative distributions
less than Ϫ20 dB SPL or after 64 s of artifact-free averaging. The fact that such low noise levels were achieved so frequently suggests that 64 seconds of averaging was adequate for most subjects at most f 2 frequencies. These noise estimates, however, may be specific to the present group of subjects and probably should not be generalized to other groups of patients, such as a typical clinical population.
From these plots, one can select a hit rate from the distribution derived from ears with hearing loss and drop a vertical line to estimate both the associated false alarm rate ͑the percent at which the vertical line intersects the distribution from ears with normal hearing͒ and the criterion DPOAE amplitude at which this performance occurred ͑the intersection with the X axis͒. For example, a criterion value of Ϫ5 dB SPL would result in a 95% hit rate and a 12% false alarm rate for an f 2 frequency of 2000 Hz. It is equally easy to select an a priori false alarm rate and determine the associated hit rate and criterion value. The direction taken to select the criterion value ͑initially setting either a hit or false alarm rate͒ should depend upon which error is viewed as more serious.
The final and perhaps most important observation from Fig. 1 relates to test performance. If ears with normal hearing and ears with hearing loss were each identified without error, there would be no overlap between cumulative distributions of DPOAE amplitudes. Unfortunately, that was not the case. Although a DPOAE amplitude could be selected that would minimize errors, there were no criterion values for which it was possible to correctly identify every ear with hearing loss without also incorrectly identifying some percentage of normal-hearing ears as impaired. On the other hand, it is easy to determine from these plots the error rates ͑false alarms and misses͒ that are associated with any DPOAE amplitude. Stated differently, one can use these plots to determine the level of certainty that any measured DPOAE amplitude came from either a normal or an impaired distribution. For example, one could be relatively certain that a DPOAE amplitude of 0 dB SPL at an f 2 frequency of 2000 Hz represents a normal response because less than 5% of the impaired ears produced a response of this magnitude. Thus the major advantage of cumulative distributions of response properties over ROC curves is that they provide both information about test performance and specific information about the criterion value at which specific levels of test performance occurred. Figure 2 is identical to Fig. 1 except that cumulative percent is plotted as a function of DPOAE threshold for the same groups of normal-hearing and hearing-impaired subjects. DPOAE threshold was defined as the lowest L 2 that resulted in a spike in the spectrum of the ear canal waveform at the 2 f 1 Ϫ f 2 frequency ͑see footnote 1, Stover et al., 1996͒ . DPOAE ''thresholds'' (L 2 ) of 70 dB SPL actually represent conditions in which the noise floor was reduced to Ϫ20 dB SPL and a response still was not present. Unlike cumulative distributions for DPOAE amplitudes, not all threshold distributions reach 100%. Although independent of subject group, it was not always possible to sufficiently reduce the noise to allow a reliable determination of DPOAE threshold. This effect, however, was limited to f 2 frequencies below 1000 Hz. Those cases when it did occur were treated as missing data. In contrast, DPOAE amplitudes are determined by the amplitude in the frequency bin at the 2 f 1 Ϫ f 2 frequency, regardless of whether that value exceeded the noise floor or a response was present.
In Fig. 2 , there is clear separation between normal and impaired distributions at all f 2 frequencies, sometimes exceeding that observed for DPOAE amplitude measurements ͑e.g., 500 Hz͒. Overlap between normal and impaired DPOAE threshold distributions, however, is also present, much as it was for DPOAE amplitudes. It is important to note that, even though these distributions are separated as much or more than the distributions based on suprathreshold measurements, far more time was required to obtain DPOAE thresholds, and interpretation of these data was complicated by missing data ͑especially for an f 2 frequency of 500 Hz͒ ͑see Stover et al., 1996͒. These shortcomings may reduce the clinical utility of DPOAE threshold measurements in comparison to DPOAE amplitude measures.
C. Probability distributions for normal and impaired ears
The cumulative distributions of Fig. 1 are recast in Fig.  3 , where DPOAE amplitude is plotted as a function of f 2 frequency. Data from normal and impaired ears are shown in left and right panels, respectively. The parameter within each panel is percentile. The filled symbols represent median values from each distribution of responses. Figure 3 can be used to estimate the certainty with which an observed DPOAE amplitude came from either the normal or impaired distributions. For example, a DPOAE of Ϫ15 dB SPL for an f 2 frequency of 2000 Hz would most likely indicate hearing loss at that frequency because more than 95% of the ears with normal hearing produced a response amplitude exceeding this value while more than 50% of the ears with hearing loss did not. By the same reasoning, a DPOAE of 0 dB SPL would more likely indicate normal hearing at 2000 Hz; while approximately 50% of ears with normal hearing produced a response of this size, less than 5% of the ears with hearing loss had responses with this high an amplitude. Figure 4 summarizes cumulative distributions for DPOAE thresholds using the same format as in Fig. 3 . Note, however, that the direction is reversed in relation to Fig. 3 because thresholds at low primary levels would be considered normal and thresholds at high levels would suggest hearing impairment. For example, a DPOAE threshold of 35 dB SPL (L 2 ) at 2000 Hz would be more consistent with normal hearing because 50% of the subjects with normal hearing produced a threshold response at this level compared to less than 5% of the subjects with hearing impairment.
D. Clinical confidence limits
Figure 5 provides a simplified version of the summaries provided in Figs. 3 and 4 oriented toward clinical applications. DPOAE amplitudes ͑L 1 /L 2 ϭ65/55 dB SPL͒ are shown in the left panel and DPOAE thresholds are shown in the right panel. The circles and triangles represent the DPOAE amplitude or threshold at the 50th percentiles for normal and impaired ears, respectively. A comparison of these two curves gives a sense of the separation between the centers of the two distributions. However, this is perhaps of less interest than the extent to which the tails of the normal and impaired distributions overlap. The shaded areas correspond to the overlap of the tails. The solid lines limiting the shaded areas ͑top in left panel, bottom in right panel͒ represent the 95th percentile from the impaired distributions. The dashed lines limiting these areas represent the 5th percentile from the normal distributions. For the purposes of illustra-tion, only the DPOAE amplitude data ͑left panel͒ will be discussed here. Identical statements could be made about the threshold data, however, except that the direction is reversed for threshold. We are, however, more cautious in our interpretation of DPOAE threshold measurements, for the reasons outlined above and in our previous paper ͑Stover et al., 1996͒.
The representations in Fig. 5 result in three possible categories for all measurements. For example, DPOAE ampli- tudes above the shaded area are unlikely to occur in an impaired ear. Thus such responses probably are coming from a normal ear. Similarly, it is unlikely that an ear with normal hearing would produce DPOAE amplitudes below the lower limit of the shaded area. It would be more likely that such a response would be coming from an ear with cochlear damage. Thus there is little ambiguity in categorizing the ear that produces a response either above or below the shaded area. Correct categorization of hearing status is uncertain only for responses falling within the shaded area. This shaded area for DPOAE amplitude measurements is relatively narrow for f 2 frequencies between 707 and 4000 Hz but widens for lower and higher frequencies. In fact, for many f 2 frequencies, the median response amplitudes from normal and impaired distributions fell above and below the shaded area, respectively.
The auditory status of these ears can be assigned with a high degree of confidence.
The poorer performance at low frequency is due, at least in part, to higher levels of noise; however, recent data suggest that the normal ear may produce less distortion from apical regions compared to more basal cochlear regions ͑Cooper and Rhode, 1995͒. 1 Our own DPOAE measurements, in which the noise floor was reduced to comparable levels across f 2 frequency, also would be consistent with the notion that the normal ear produces less low-frequency distortion ͑Gorga et al., 1994͒. Those observations were restricted to the case when f 2 was equal to 500 Hz, much like the frequency effects observed presently. A more linear, normal low-frequency response would produce less distortion and, therefore, make it more difficult to distinguish it from FIG. 3 . DPOAE amplitudes as a function of f 2 frequency for normal-hearing ͑left panel͒ and hearing-impaired ͑right panel͒ ears. The parameter in each panel is the percentile, taken from the cumulative distributions shown in Fig. 1.   FIG. 4 . DPOAE thresholds as a function of f 2 frequency for normal-hearing ͑left panel͒ and hearing-impaired ͑right panel͒ ears. The parameter in each panel is percentile, taken from the cumulative distributions shown in Fig. 2. the response produced by an impaired ear, which presumably behaves more linearly and produces less distortion as a consequence of hearing loss. The greater overlap between normal and impaired distributions for higher frequency f 2 's may be a consequence of calibration uncertainties associated with standing waves ͑Siegel and Hirohata, 1994͒, which could influence specification of stimulus levels and measurements of response amplitudes, thus making measurements at these frequencies less reliable.
Even over the frequency region for which test performance appears quite good ͑i.e., f 2 frequencies between 707 and 4000 Hz͒, caution should be exercised in the application of these data to other groups of patients. The distribution of DPOAE amplitudes and thresholds reported in this paper have been influenced, to some extent, by the selection of subjects. Making clinical decisions on the basis of these data implicitly assumes that the test population represents the target population. There are at least three reasons to question this assumption. First, the vast majority of all subjects in the general population have normal hearing. Their ''underrepresentation'' ͑i.e., 49% of subjects had completely normal hearing͒ was thought to be appropriate because it gave greater weight to ears with hearing loss, for which there may be greater concern. Accurate estimates of the cost benefit ratios for any procedure, however, must consider the prevalence of the disorder.
Second, the data reported in this paper were collected from a highly cooperative group of subjects, all of whom were paid for their participation in the project. Each subject provided reliable audiometric data for the ear under test. It is perhaps less likely that clinic patients, especially young children, will provide the same high level of cooperation thus making it more difficult to achieve the same low noise levels.
Additionally, it appears that age affects OAE measurements, at least during the earliest stages of life ͑Norton and Widen, 1990; Prieve, 1992; Bergman et al., 1995͒ . These effects may be the result of differences in transmission characteristics of the external and middle ear, differences in the size of the cavities in which signals are delivered and responses are measured, or perhaps even differences in the cochlear generation of distortion as a function of age. Regardless of the cause of these effects, the statistical properties for the present group of subjects will not be completely applicable to other patient groups, such as neonates and very young children.
The third and perhaps most significant limitation of the summaries provided in this paper is the definition used to characterize auditory status. At every f 2 frequency, an audiometric criterion of 20 dB HL was used to separate ears with normal hearing from those with hearing impairment. This arbitrary rule is appropriate when the goal is to determine the optimal conditions for separating normal and impaired ears, as it was in our preceding efforts ͑e.g., Gorga et al., 1993a, b; Stover et al., 1996͒ . Such a definition, however, may obscure more subtle gradations of response properties among groups of subjects with hearing loss. It is possible that the regions of uncertainty ͑shaded areas in Fig. 5͒ depend upon the amount of hearing loss. Parceling hearing loss into finer gradations might result in a better understanding of the factors contributing to the overlap in these distributions which, in turn, might lead to a more effective application of these measurements to clinical decisions. As an example, the overlap in response distributions may occur only between the normal group and subjects with mild hearing loss. Little or no overlap might be observed between the distributions from subjects with normal hearing and those from subjects with moderate or severe hearing loss. Being uncertain as to whether an ear has normal hearing or mild hearing loss may be a less serious problem than confusion as to whether an ear has normal hearing or any degree of hearing loss.
The scatter plots of Figs. 6 and 7 represent an effort to explore this possibility with the present set of data. In Fig. 6 , DPOAE amplitudes are plotted as a function of audiometric threshold whereas Fig. 7 shows DPOAE threshold as a function of audiometric threshold. Each panel presents data for a different f 2 frequency and the shaded areas represent the regions of uncertainty, defined between the 5th percentile of the normal distributions and the 95th percentile of the hearing-impaired distributions. There appears to be a relationship between audiometric threshold and both DPOAE amplitude and DPOAE threshold measurements. For example, DPOAE amplitudes decrease and DPOAE thresholds increase as audiometric threshold increases, at least for f 2 frequencies at and above 1000 Hz. Stated differently, ears with mild hearing loss have DPOAE amplitudes more similar to those observed in normal ears. Less similarity is observed between DPOAE measurements from ears with normal hearing and ears with more severe losses. Thus the overlap between data from normal and impaired distributions ͑signified by the number of points falling within the shaded areas͒ is weighted toward ears with mild hearing loss. Less overlap is evident between the response patterns of normal ears and ears with more severe losses.
The summaries in Figs. 6 and 7 are encouraging but must be viewed cautiously because of the limited number of observations at each audiometric threshold. Larger samples of data encompassing the entire hearing loss range at each test frequency would be needed to determine more quantitatively the relation between the region of uncertainty and hearing loss. Furthermore, these shaded areas were devel-oped from the same group of data to which they are now compared. Clearly, an independent set of data is needed to assess the extent to which these confidence limits can be applied clinically.
Cursory examination of these plots suggests that relationships might exist between audiometric thresholds and these DPOAE variables. Indeed, similar data previously have been fit with linear equations and correlations have been reported ͑e.g., Martin et al., 1990; Gorga et al., 1993a͒ . We have opted not to perform these correlational analyses, however, because they may be potentially misleading. Subjects with normal hearing tend to produce large DPOAE responses ͑or low DPOAE thresholds͒ and subjects with any degree of hearing loss tend to produce no response. As a result, the data may be more bimodal in its organization as opposed to continuously changing across these variables ͑DPOAE threshold or DPOAE amplitude versus audiometric thresh-old͒. Fitting such bimodally distributed data might result in a high correlation, even though the extent to which one variable could be used to predict the other is limited. Just as a larger set of data will be needed to evaluate the extent to which the overlap in DPOAE data depends on the proximity of audiometric thresholds, more data are needed to fully un-FIG. 6. DPOAE amplitudes as a function of audiometric thresholds. Each panel represents data for a different f 2 frequency. The shaded area within each panel represents the region of uncertainty, defined between the 95% on the distribution of responses from impaired ears and the 5% from the corresponding distribution from normal ears. Each data point represents data from one ear. derstand any predictive relationship between audiometric thresholds and DPOAE measurements.
III. SUMMARY
A summary of the major observations from the present paper is provided below:
͑1͒ Cumulative distributions of DPOAE response properties in normal and impaired ears provide information not only about test performance ͑i.e., hit and false alarm rates͒ but also about the criterion values at which specifiable test performances occurred. ͑2͒ DPOAE measurements, like all other clinical tests, do not result in perfect diagnostic accuracy. It is possible, however, to use these measurements to assign a level of confidence to the classification of the auditory status of an individual ear. ͑3͒ A simplified representation is proposed that allows one to categorize any measured response into one of three categories: normal hearing, impaired hearing, or uncertain hearing status. ͑4͒ Further improvements in the categorization of cochlear status, based upon DPOAE measurements, might occur if the magnitude of hearing loss was defined more finely and these more fine groupings were considered in relation to the overlap of distributions from normal and impaired ears.
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